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COMPLETE SPECIFICATION 

Improved means for Analysing Gaseous Substances 

position, changes the velocity index of that 
composition, and it is correspondingly a more 
particular object of the present invention to 
provide means for measuring changes in the 
velocity index of a gas as a traction of the 
velocity index before change and thereby 
indicate instantaneously the quantity of a 
known constituent which is being added or 
abstracted. 

Generally, only one constituent at a time can 
be dealt with in this way; but in some cases the 
quantities of two constituents can^ be deter- 
mined during addition or abstraction fox the 
following reason. Some gases introduce con- 
siderable sound attenuation whilst in others it 
is negligible. In some cases it is therefore 
possible to measure the respective quantities of 
two known gases added to a known third gas, 
if the two gases have pronounced and 
negligible sound attenuation properties, respec- 
tively, and provided that separate measure- 
ment is taken of the combined effect of the 
two gases on sound velocity on the one hand, 
and the effect of one of them on sound 
attenuation, on the other hand. 

The proposed means are applicable to cases 
where, for analysis or detection, it is sufficient 
to know that there has been a chance in velo- 
city index and/or in attenuation, either because 
only one or two specific constituents or im- 
purities are likely to be present, as, for 
example, in the air adjacent a known volatile 
liquid; or where the presence of any impurity 
calls for action, as, for example, in the air 
inside a submarine. 

According to the present invention I provide 
an instrument for determining the nature of a 
gas comprising a self-excited oscillator supply- 
ing electrical energy to one or more sending 
transducers adapted to transmit sound energy 
through a vessel containing a variant gas, one 
or more receiving transducers adapted to 
receive the said sound enerev, and means for 
comparing the electrical signals obtained as 
regards phase and amplitude with those 
obtained by transmission of sound energy 



1, John Hugh Davby Walton, a British 
Subject, of Bamfotd House, Tetbury, in the 
County of Glottcestershire, do hereby declare 
the invention, for which I pray that a patent 
5 may be granted to me, and the method by 
which it is to be performed, to be particularly 
described in and by die following state- 
ment:— 

This invention relates to an improved 
10 * for analysing gaseous substances. 

It is often desirable to provide means for 
rapidly detecting changes in the^ composition 
of a mixture of gases, i.e. detecting quantita- 
tively an admixture or abstraction of a con- 
stituent. „ 
An example is the use of *nch means m 
mines where it is important to detect explosive, 
impurities, such as methane, in the atmosphere 
and to signal the presence of such impurities 
without delay. 

In the present -invention use is made of the 
fact that changes in the composition of a gas 
produce changes in its sound propagation 
characteristics, ie. changes in the velocity 
and /or die attenuation of sound passing 
throuah die gas. 

Consideration will now be given to sound 
velocity in a gas. It is known that sound 
velocity in a gas is a function of the absolute 
temperature and of a quantity, which depends 
only on the nature of the gas. This quantity, 
which is specific to any particular gas, is 
hereinafter referred to as the velocity index. 

In the case of a pure gas, it may be shown 
that C=T1 (Ry/M)* where C is the velocity 
of sound, T is the absolute temperature, R is 
a gas constant, y is the ratio of the specific 
heats and M is the molecular weight. There- 
fore the velocity index of a gas is defined as 
C/T» which for a pure gas is equal to 
(Ry/M)*. A mixture of gases has a velocity 
index which is an average of the indices of its 
constituents. 

It is therefore possible to determine the 
quantity of a gasbeine added to or abstracted 
from another gas, because a change in com- 
[Price 3s. Od.) 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



65 



70 



75 



80 



85 



90 



BEST AVAILABLE COPY 



2 



727,891 



through a datum gas in a vessel 

'me means tor measuring the said character- 
istics may comprise a von meter or phase 
meter. 

5 Velocity changes appear as changes in the 
phase relationship between the sending and 
receiving transducers and are registered &y the 
pnase meter. 
Attenuation corresponds to an amplitude 

XO drop and therefore appears as a voltage dis- 
conformity between the sending and receiving 
transducers and is registered by the volt meter* 
The length of the tube constitutes the trans- 
mitting distance of the transducer^ i.e. the 

15 path length of the sound being transmitted. 
It will be seen that simultaneous measure- 
ment may be made of the gas whose composi- 
tion has to be determined (referred to as the 
variant gas) and another gas whose composi- 

20 turn is known (hereinafter referred to as the 
datum gas) and wherein changes in the variant 
gas are expressed as a fraction of the proper- 
ties of the datum gas. 
A phase meter and a volt meter may be 

25 used to measure the phase and amplitude 
relationship of the receiving transducers. Both 
meters may be calibrated to read zero under 
conditions of conformity (i.e. when the variant 
and datum gases are the same} and to show 

30 any dis conformity in terms of a percentage 
change in one or two of the constituents of the 
variant gas. 

The transmitting distances of the trans- 
ducers arte of an order giving a phase change 

3J accumulation or an attenmntion of recordable 
magnitude. Where a variant and a datum 
transducer set are employed, the two trans- 
mitting distances are normally identical hut 
they may be adjusted to differ by a fraction 

40 of a wavelength to ensure a zero reading at a 
predetermined difference between the datum 
and the variant gases: 

t To make the instrument of readily portable 
size, the transmitting, distances are kept short 
45 by employing ultrasonic frequencies, the trans- 
ducers being correspondingly adapted for 
ultrasonic ttansmissiou. 

The said means for measuring the charac- 
teristics of the output transducers may, in all 
50 embodiments of this invention comprise a 
relay-operated signaling means. 

Several forms of the instrument are illus- 
trated in the accompanying drawings 
wherein : — 

55 Fig. 1 is a diagram of a first form of the 
instrument, 

Fig, 2 is a diagram of a second form of 
instrument, 
Fig. 3 is a front elevation of an instrument 
60 based on the form shown in Fig. 2, 

Fi*. 4 is a rear elevation of the instrument 
pardy in section, 

Fig, 5 is a side elevation of the instrument, 
pardy in section, 
65 Fig, 6 is a section on line VI— VI in Fig. 3, 



Fig. 7 is an enlarged detail of Fig. 6, 

Fig, 8 is an enlarged section on line VIII — 
VHI in Fig. 6, 

Fig. 9 is a wiring diagram, and 

Figs. 10—12 are diagrams of modified 7 
arrangements according to the invention. 

Referring to Fig. 1 of the drawings, the 
instrument comprises an oscillator 10, a send- 
ing transducer 11, a receiving transducer 12, 
the transducers being secured to the ends of a 7 
perforated tube 13 which contains the sound 
path between the two transducers. The input 
leads of the transducer 11 and the output leads 
of the transducer 12 are taken to a phase meter 
14 and a volt meter 15 as shown. 3 

In use the tube 13 is exposed to the gas to 
be determined. Changes in the composition of 
the gas affect the velocity index of the mixture 
and are indicated by the phase meter. An 
admixture or subtraction of a gas which pro- 8 
duces a change in attenuation is indicated by 
the volt merer. 

The theoretical basis of the instrument will 
now be described with the following conven- 
tions:— 9 

C = velocity of sound in the tube, 
w =* 2? x frequency transmitted, 
x = length of tube, 

<f> -phase difference between sending and 
receiving transducers, 9 

<Iy= phase shift introduced by the trans- 
ducers themselves, 

phase shift as measured by the instru- 
ment, 

T = absolute temperature, 
t = time taken by the sound wave to travel 

distance x, 
U = velocity index of gas in tube, 
S = sensitivity of instrument to small frac- 
tional changes of U, 1( 

It will be seen that:— 

t-x/C (1) 

and 

*-wt=wx/C (2) 
Since 

U = C/Ti by definition, 1 
#=wx/T*U (3) 
Further 

$m = $» + $=$ t +w x/T» U (4) 



U=wx/T* ($ m -# t ) (5) 

Equation (5) shows that having a knowledge 
of the path length,, the frequency, the absolute 
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temperature and the phase shift in the trans- 
ducers, the velocity index is calculable from 
the phase measurement $„, Le. the phase 
meter can be calibrated to show a change in 
5 the proportion of two known gases. Since $ is 
periodic the range of the instrument should of 
course be confined to a phase difference of less 
than 360* to avoid ambiguities. 
By differentiation of equation (4) 

10 * S--Ud$/dlJ*=wx/riU (6) 

Since to and x are under the control of the 
designer, a good sensitivity of the instrument 
may be realised by making the expression 
wx a maximum. 

15 Also, since the sensitivity is proportional to 
the tube length and the frequency but inversely 
proportional to the range over which a reading 
free from periodic repetition may be taken, the 
instrument may be designed for a sensitive 

20 reading of small composition changes .or a less 
sensitive reading of larger composition changes 
as the case may be. 

Fig, 2 illustrates a form of the instrument 
wherein the likelihood of error due to tern* 

25 perature change or unreliable aspects of the 
electrical equipment is reduced to a minimum. 

Referring to Fig. 2 an oscillator 10 is wired 
to energise a first set of transducers 11, 12, 
whose sound path is in a perforate tube 13 

30 accessible to the variant gas and a. second set 
of transducers 16, 17, whose sound path is in 
a sealed tube 18 mnTfl firing a datum gas. The 
output leads of me receiving transducers 12 
and 17 are wired to a phase meter 14 and a 

35 volt meter 15 as shown. 

The theoretical basis of this form of instru- 
ment is as follows. If the transducers, the path 
lengths and the velocity indices are identical, 
the phase meter reads zero. If the velocity 

40 index of the variant gas changes from U to 
U+SU where SXJ<<U, then by applying 
equation (6) the phase difference $ between 
the two receiving transducers is given by 

fe:$SU/TJ (10) 

45 In other words, if U is known SU can be 
calculated and the phase meter calibrated 
accordingly. 

This arrangement (Fig. 2) has the following 
advantages: The effect of temperature changes 

50 on the phase shift occurs as a fraction of SU 
rather than as a fraction of U. The effect of 
temperature is therefore negligible over small 
ranges. 

The instrument is direct reading and it is 
55 relatively immune from drift in calibration 
because errors due to a difference in the tem- 
perature of the two tubes are eliminable by 
juxtaposing the tubes and small changes in the 
frequency do not affect the reading since such 
60 changes would affect both paths equally. 

In this example the instrument is adapted 



for installation in a mine to detect the presence 
of methane and/or carbon dioxide in the air. 
The datum tube 18 is therefore filled with a 
sample of dean air, whilst the interior of the 65 
variant tube 13 is exposed to the ambient air 
in the mine. 

It is known that methane is lighter than air 
and it therefore tranmits sound at a relatively 
greater velocity but it does not introduce 70 
appreciable sound attenuation. Carbon dioxide 
is heavier man air with a corresponding 
depression of sound velocity, but it does intro- 
duce sound attenuation. 

Therefore an incidence of methane is shewn 75 
by a rise of the phase meter, and an incidence 
of carbon dioxide is shown by a fall of the 
phase meter and a fall of the volt meter. 

If both gases occur simultaneously, only the 
presence of carbon dioxide is shown directly, 80 
Le. by die volt meter, whilst the phase meter 
will indicate the presence of methane in- 
directly in the sense that it shows the com- 
bined effect of both gases on sound velocity, 
which may, in fact, zeroise the phase meter. 85 
But a methane reading may nevertheless be 
taken, because a fall of the phase meter with- 
out a proportional fall of the volt meter indi- 
cates the presence of both the toxic carbon 
dioxide and the explosive methane, and a 90 
danger signal may be given on both counts. 

Referring to Figs. 3 Jo 8 a constructional 
form of die instrument is bmlt into a rect- 
angular box 30 comprising a cast front plate 
31 and a housing 32 joined together in an air- 95 
tight manner by a seal 33 and held together 
by screws 34. The plate 31 is provided with 
an external recess 35 adjacent an internal ex- 
tension 36. A variant tube 13 is formed by a 
semi-circular groove 37 in the recess 35 and a 100 
semi-circular strip 38. A gap 39 is left between 
the groove 37 and the strip 38 for the variant 
tube to be open to atmosphere. A bore 40 is 
provided in the extension 36 to accommodate 
a water wick for supplying constant moisture 105 
condition to the variant tube through the holes 
41. Further, a bore 42 is provided in the ex- 
tension 36 which is completely - sealed and 
constitutes a datum tube 18. 

The datum and variant tubes 18 and 13 are 110 
situated in close prttrimiity in or on the tame 
piece of metal, Le, the extension' 36, whereby 
the greatest possible temperature uniformity 
between the two tubes is ensured. 

Transducers 11, 12 and 16, 17, are secured 115 
to the ends of the extension 36. The face of a 
phase meter 14 is visible through a glass 
window 43. A one-way switch 44 and a .two- 
way switch 45 are embodied in the plate 31 
so as to be situated an the inside thereof but 120 
operable from the outside; insulating means 
(not illustrated) being provided to prevent the 
entry of atmosphere into the box 30 where the 
switch levers penetrate the plate 31. A bulb 
46 -is mounted in the face of the phase meter 125 
14 and is visible through the window 43. The 
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purpose of the switches and the bulb will be 
described hereinbelow with reference to Fig. 9. 

Only some of the electrical components of 
the instrument axe shown hi Figs* 3 — 8 and 
the complete arrangement is shown in the 
wiring diagram (Fig. 9) it being understood 
that all the components are embodied within 
the box 30. 
Referring to Kg. 9, high and low tension 
1U batteries 47 and 48 are provided, the low 
tension supply having the one-way switch 44. 
The bulb 46, which is a neon bulb, is arranged 
in the oscillator wiring to show whether the 
oscillator is working; it also has the property 
15 of stabilising the oscillator and incidentally 
indicates by excessive brightness a breakdown 
in either of the input transducers 11 or 16. 

An amplifier 49 precedes the phase meter 
14 which in this example comprises a ring 
20 modulator 14A followed by a DC meter 14B. 
The switch 45 is interposed in one of the 
output leads of the transducer 12 and in the 
position shown in the drawings the switch 
completes the normal working circuit- In order 
25 to check the full scale reading of the phase 
meter the switch 45 is set to connect the said 
output lead of the transducer 12 with the input 
to the amplifier 49. 
It will now be shown how the phase meter 
30 satisfies yet more particular conditions of 
practical use; These conditions are as follows: 
The meter readings should be able to deal with 
the sensitivity fox which the instrument has 
been designed and they should be proportional 
35 to the composition change; the meter should 
be adaptable for a reading within a "safe" 
range and a "danger** range, the possibility 
of variations in the properties of the electronic 
valves of the instrument or variations in the 
40 power supply causing a faulty reading should 
be a minimum and especially such variations 
should not be able to change a "safe" indica- 
tion into a "danger" indication, or vice versa. 
As to sensitive and proportional meter read~ 
45 ings. As described with reference to Fig. 9 the 
phase meter comprises a ring modulator 
followed by a DC meter. It is known that a 
ring modulator provides a DC output which 
can be of either sign, the output being proper- 
50 tional to the cosine of the phase angle between 
the two inputs. Thus in the region of 90° 
phase discanformity a 2cro reading is obtained 
at the DC meter, this being the zero of the 
instrument. Having regard to the shape of the 
55 cosine curve, within a range of about 60 9 to 
either side of zero the meter reading is at its 
most responsive, Le. a relatively small phase 
^conformity produces a relatively large 
deflection of the meter. Further, in that range, 
60 the meter reading is an almost linear function 
of the phase angle, Le. the meter reading is 
almost directly proportional to the composition 
change. 

As to "safe" and "danger* readings. By 
65 shortening or lengthening one of the tubes, i.e. 



the transmitting distances by a fraction of a 
wave length the instrument zero may be made 
to conform to any desired proportion in the 
constituents of the variant gas and in particu- 
lar to a predetermined danger level of 
impurity. 

As to the effect of variations in the valves 
or the power supply. This is a minimum at the 
instrument zero, this being also the region. of 
highest reading accuracy. The properties of 
the ring modulator give that variation in the 
amplitude of the applied signal and cannot 
reverse a positive into a negative reading and 
there can therefore be no confusion between 
"danger "and "safe." 

To make the instrument of a readily part- 
able size the tube lengths should be a mini- 
mum, for example, 3—4 inches. To obtain 
nevertheless a high sensitivity and a phase 
change accumulation of recordable magnitude 
the frequency must be supersonic, say 30 kilo- 
cycles per second. 

Referring to Fig. 10, the tubes 13 and 18 
are juxtaposed at their receiving ends, A trans- 
ducer 80 with two opposite diaphragms 81 is 
adapted to transmit sound waves through both 
tubes. At their output ends the tubes 13 and 
18 are provided with receiving transducers 12 
and 17. In all other respects this arrangement 
conforms to the form shown in Fig. 2. 

Referring to Fig. 11, sending and receiving 
transd uc ers 11, 12 are each secured to a 
conical chamber 70. The chambers 70 axe in 
turn secured to either end of a body 71 which 
contains a datum bore 18 and a variant bore 
13 the latter being open to atmosphere through 
a slot 72, Thin diaphragms 72, 73 close the 
upper and lower ends of me bores 18 and 13. 
The output of the receiving transducer can be 
adjusted to zero by changing the lateral posi- 
tion of one of the transducers relative to the 
tubes or by an adjusting screw 74 which 
partially closes the approach to one of the 
bores, ip this example the datum bores. If the 
composition of the variant gas differs from 
that of the datum gas, the receiving transducer 
will respond by a finite output. 

Referring to Fig. 12, the tubes 13 and 18 
are curved and sending and receiving trans- 
ducers 80 and 82 of the kind employing two 
opposite diaphragms 81, each transducer 
sending in or receiving from both directions. 
The output side of the transducer 82 is con- 
nected, via a rectifier 83 to a relay 84 for 
operation of a signalling device (for example a 
bell) (not shown in the drawings) when a pre- 
determined magnitude of variation is reached. 

It will be appreciated that where only one 
receiving transducer is used, phase and ampli- 
tude changes cannot be determined independ- 
ently and the output of the receiving trans- 
ducer is a result of any changes produced by 
the variant gas. 

What we claim is: — 

1. An instrument for determining tie nature 



of a gas comprising a self-exated oscillator 
supplying electrical energy to one or more 
sending transducer* adapted to transmit sound 
energy through a vessel containing a variant 
5 ™Jant or more receiving transducers adapted 
{^receive the said sound energy, and means 
for comparing the electrical signals 
regards phase and amplitude with those 
obtained by transmission of sound energy 
10 through a datum gas in a vessel. 

2. An instrument according to c laim 1, 
comprising a self-excited oscillator, a first set 
of cooperating sending and receiving trans- 
ducers whose sound path passes through a tube 
15 amtaining the gas to be determined, a second 
set of cooperating sending and receiving trans- 
ducers whose sound path passes through a tube 
containing a known gas, and means for 
measuring the phase and amplitude of the 
20 output of the two receiving transducers relative 
to one another. , . - 

3. An instrument according id claim l, 
comprising a self-excited oscillator, a sending 
transducer having two opposite sound dia^ 

25 nhraems, one diaphragm facing the input end 
of a tube containing the gas to be measured, 
the other diaphragm facing the input end of a 
tube containing a known gas, a receiving trans- 
ducer at the output ends of each of the said 

30 tubes, and means for measuring the phase and 
amplitudes of the output of die two receiving 
transducers relative to one another. 

4. An instrument according to claim 1, 
comprising a setf-exrited oscillator, a set of 

35 cooperating sending and receiving transducers, 
a tube containing Ac gas to be determined, a 
tube containing a known gas, a chamber open 



to the sending transducer and separated by a 
membrane from the input ends of the two 
tubes, a chamber open to the receivmgttans- 40 
ducer and separated by a membrane from the 
output ends of the two tubes, and means for 
measuring die phase and amplitude of the out- 
put of the receiving transducer. 

5 An instrument according to claim l, 45 
comprising a self-escited oscillator, a sending 
transducer having two opposite sound dia- 
phragms, one diaphragm facing the input end 
of a tube containing the gas to be de termin ed, 
the other diaphragm facing the input end of a W 
tube amtaining a known gas, a receiving trans- 
ducer having two opposite sound diaphragms, 
one diaphragm feeing the output end of the 
tube containing the gas to be determined, the 
other diaphragm facing the output end of the « 
tube containing the known gas," and means for 
measuring the phase and amplitude of the 
output characteristics of die receiving trans- 
ducer. _ 

6. An instrument according to any one of GO 

5 wherein die tube containing the 
gas to be determined is provided with an 
opening permitting the passage of ambient gas 
through die tube and wherein the tube con- 
taining a known gas is sealed against the 65 
passage therethrough of ambient gases. 

7. An instrument for determining die 
nature of a gas constructfid, adapted and 
arranged substantially as described herein and 
with reference to Fig. 1, 2, Firs. 3— 9, Figs. 70 
10, 11 or 12 of die accompanying drawings. 

MEWBUKN, ELLIS & CO.. 
70—72, Chancery Lane, London, W.C2, 
Chartered Patent Agents. 
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t John Hugh Davby Walton, a British 
Subject, of Bamford House, Tetbury, m the 
County of Gloucestershire, do hereby declare 
invention to be described in the following 
statement:— . 

This invention relates to an unproved 
method of, and means for, analysing gaseous 
substances. ., . 

It is often desirable to (provide means for 
rapidly detecting changes fit the composmoa 
of a mixture' of gases, Le. detertmg quantita- 
tively an admixture or abstraction of a con- 

stituent* » « • 

An example is the tee of such means in 
mines where it is important to detect explosive 
impurities, such as methane, and to signal the 
presence of such impurities without delay. 

In the present invention use is made of the 
fact that changes in the composition of a gas 
produce changes in its sound propagation 
Characteristics, Le. changes in the velocity 



and/or Ac attenuation of sound passing 

* ^is^herefore the first and principal object 95 
of the present invention to provide means far 
measuring the composition of a gas by a 
method of measuring its sound propagation 
characteristics, such measurement being taken 
in relation to a predetermined standard or 100 
datum* 

Consideration will now be given to sound 
velocity in a gas. It is known that sound velo- 
city in a gas is a function of the absolute tem- 
perature and of a quantity, which depends 105 
only on the nature of the gas. This quantity, 
which is specific to any particular gas, is here- 
inafter referred to as die velocity index. 

In the case of a pure gas, it may be shown 
that C=*T*(Ry/M)* where C is the velocity U0 
of sound, T is the absolute temperature, R is 
a gas constant, y is the ratio of the specific 
heats and M is the molecular weight. There- 
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fore the velocity index of a gas is defined as 
C/T* for which a pure gas is equal to 
pty/M)*, A mixture of gases has a velocity 
index which is an average of the indices of its 
constituents. 

It is therefore possible to determine the 
quantity of a gas being added to or abstracted 
from another gaa 3 because a change in com- 
position changes the velocity index of that 
composition, and it is correspondingly a more 
particular object of the present invention to 
provide means for measuring changes in the 
velocity index of a gas as a fraction of the 
velocity index before change and thereby 
indicate instantaneously the quantity of a 
fawwn constituent which is befog added or 
abstracted. 

GcneraDy, only one constituent at a time 
can be dealt with in this way; but in some 
cases the quantities of two constituents can be 
determined during addition or abstraction for 
the following reason. Some gases introduce 
considerable sound attenuation whilst in others 
it is negligible. In some cases it is therefore 
possible to measure the respective quantities of 
two known gases added to a known third gas, 
if the two gases have pronounced and 
negligible sound attenuation properties, 
respectively, and provided that separate 
measurement is taken of the combined effect 
of the two gases on sound velocity on the one 
hand, and the effect of one of them on sound 
attenuation, on the other hand 

It is therefore a still further object of the 
present invention to provide means for the 
separate measurement of sound velocity and 
sound attenuation in a gas. 

The proposed means are applicable to cases 
where, for analysis or detection, ir is sufficient 
to know that there has been a change in velo- 
city index, either because only one or two 
specific constituents or impurities are likely to 
be present as, for example, in the air adjacent 
a known volatile liquid, or where the presence 
of any inrpurity calls for action as, for 
example, in the air inside a submarine. 

The gas whose velocity index is to be 
measured is hereinafter referred to as the" 
variant gas. The gas in relation to which such 
measurements are taken is hereinafter referred 
to as the datum gas. In the proposed 
apparatus, constructional parts concerned in 
dealing with the gases to be measured, ate 
referred to as variant and datum parts respec- 
tively. r ^ 
According to the present invention a method 
and apparatus for comparative measurement of 
sound propagation characteristics in a gas 
comprise a first set of sending and receiving 
transducers whose sound path is situated 
within a sealed vessel containing a datum gas, 
a second set of sending and receiving trans- 
ducers whose sound path is adapted to be 
exposed to a variant gas, a high frequency 
oscillator for energising both sending, trans- 



ducers, and means for measuring any variation 
in phase and/or amplitude relationshrp of the 
output of the two receiving transducers, such 
variations being indicative of a relative change 
in sound velocity and/or sound attentuarion. 
respectively.- 

m The means for measuring the said varia- 
tions in phase and amplitude rdationslup may 
comprise, respectively, a phase meter and a 
volt meter, both of known construction. 

Velocity changes appear as a phase discon- 
fotmity between the datum receiver and the 
variant receiver and is registered by the volt 
meter. 

Both meters may be calibrated to read 2ero 
under conditions of conformity and to show 
any variations in terms of a percentage change 
m one or two constituents of the variant gas. 

The oscillator is preferably provided with 
means for stabilization of frequency and 
amplitude. But it will be appreciated that a 
limited lack of such stabilization would not 
^pear as a faulty reading on the meters 
because both the datum and the variant 
measurements would be affected equally 

The respective transmitting distances "of the 
two transducer sets are of an order giving a 
phase change accumulation of recordable 
magnitude. Normally, the two transmitting 
aartances are identical, but they may be 1 
adjusted to differ by a fraction of a wavelength 
to ensure aero reading at conditions of cod- 
formity. 

Apparatus according to this invention may 
embody means for instantaneously signalling a 1 
composiuon change at a predctmnined magni- 

Preferably the two transducer sets ate juxta- 
posed whereby they are both subject to the 
same temperature. Consequently, the effect of 1- 
temperature on the sound propagation chance 
is automatically dimmatedT 

Apparatus of the kind described may be 
made of readily portable size by employing 
high frequency transducers. 8 I 

In cases where a variation in humidity of the 
gases is likely to affect sound propagation, 
apparatus according to the mventiorff prS 
vided with means for humidity stabilization. 
S?n„ n f mS / re [ CT ? bly ***** *«* of the U 
i *f agent or « humidifying 
agent adapted to ensure minimum or maxi- 
mumhimidity, respectively, at all times. 

further advantages of the apparatus accord- 
™L Jr S mven ? on are that readings may be U 
made by an unskilled person, and thafall ]Lh 
operation faults can be detected as such and 
do not show as a faulty reading. Pressure 
changes do not affect the readings because they 
do not influence sound* propagation. i? 

Two constructional forms of the present 
•nvennon are illustrated in the accompanying 
drawing, wherein:— f y s 

Kg. 1 is a diagram of a first form of the 
proposed apparatus, and 13 
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Fig. 2 is a diagram of a modification. 

Referring to Fig. 1 of the drawing,, the 
apparatus comprises die following arrange- 
ment:— 

5 A high frequency oscillator 10 of about 30 
kilocycles per second is adapted to operate a 
datum unit 11 and a variant unit 12 by ener- 
gising sending transducers 13 and 16 whose 
sound energy is transmitted to receiving trans- 

10 ducers 14 and 17, through a sealed datum tube 
15 and a perforated variant tube 18, respec- 
tively. The output sides of the receiving trans- 
ducers 14 and 17 are wired to a phase meter 
19 and a volt meter 20 as shown. The trans- 

15 mining distances, Le. the lengths of the tubes 
15 and 18 are of the order of twenty wave- 
lengths; 

In this example the apparatus is adapted for 
installation in a mine to detect the presence of 
20 methane and/or carbon dioxide in die air. The 
datum tube 15 is therefore filled with a sample 
of dean air, whilst the interior of the variant 
tube 18 is exposed to the ambient air in the 
mine. 

25 It is known that methane is lighter than air 
and it therefore transmits sound at a relatively 
greater velocity but it does not introduce 
appreciable sound attenuation. Carbon dioxide 
is heavier than air with a corresponding 

30 depression of sound velocity, but it does intro- 
duce sound attenuation. 

Therefore an incidence of methane is shown 
by a rise of the phase meter, and an incidence 
of carbon dioxide is shown by a fall of the 

35 phase meter and a fall of the volt meter. 

If both gases occur simultaneously, only the 
presence of carbon dioxide is shown directly, 
Le, by the volt meter, whilst the phase meter 
will indicate the presence of methane in- 

40 direcdy in the sense that it shows the combined 
effect of both gases on sound velocity, which 



may, in fact, zeroise the phase meter. But a 
methane reading may nevertheless be taken, 
because a fall of the phase meter without a 
proportional fall of the voir meter indicate the 45 
presence of both the toxic carbon dioxide and 
the explosive methane, and a danger signal 
may be given on both counts. 

Referring to Fig. 2 of the drawings, wherein 
like parts are given like references, a modified 50 
form of the apparatus comprises die following 
arrangement: — 

The tubes 15 and 18 are curved, and send- 
ing and receiving transducers 21 and 22 are 
each provided with Iwo opposite diaphragms, 55 
one diaphragm in respect of each of the tubes 
15 and 18. 

This is a simplified arrangement, but only 
one set of output leads is available. Hence 
phase changes and voltage changes cannot be 60 
obtained separately in this case. 

The output sick of transducer 22 is con- 
nected via a rectifier 23 id a relay 24, which 
is adapted to operating a signalling means (not 
shown in the drawing) when a predetermined 65 
magnitude of variation is reached. 

In a further modification, not shown in the 
drawing, a double diaphragm transducer is 
provided only in respect of the input ends of 
the datum and variant tubes, and the output 70 
ends of the said tubes are spaced apart and 
each provided with a receiving transducer. 

In order to check the zero readings, a switch 
may be provided to disconnect the variant 
unit, whereby the meters should indicate zero 75 
as if conformity existed. 

A humidifying agent may comprise a wick, 
supplied with water and provided in respect 
of both the datum and the variant unit 
MBWBURN, FT, US & CO., 

70—72, Chancery Lane, London, W.G2, 
Chartered Patent Agents. 
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